Rhinovirus infections may account for up to one-third of cases of "common cold." The virus has 1100 serotypes, is ubiquitous, and can cause repeated episodes of infection throughout an individual's lifetime [1] . Although infection in otherwise healthy persons is frequently self-limited, certain populations may be predisposed to severe manifestations, including bronchiolitis and pneumonia in infants and exacerbations of preexisting airway disease in persons with chronic obstructive lung disease, asthma, and cystic fibrosis [2] . With the development of sensitive PCR techniques, there is an increasing number of reports of severe rhinovirus infection in other populations, including elderly persons [3] . We describe a large outbreak of respiratory illness in a long-term care facility (LTCF) attributed to rhinovirus and the associated high morbidity and mortality.
Methods. In June 2003, an outbreak of respiratory illness in a 99-bed LTCF was reported to the local health department and the California Department of Health Services. The LTCF performed routine surveillance for respiratory illness yearround by recording daily temperatures and assessing for symptoms. After reporting the outbreak, personnel of the LTCF initiated active surveillance for new cases of respiratory illnesses in residents and staff and, when feasible, collected specimens from ill patients. Epidemiologic and clinical data for residents were obtained by reviewing their medical and hospitalization records, and data for staff were obtained by interview with a standardized questionnaire. Nasopharyngeal swab specimens, sputum samples (from patients who could cough), and serum samples were transported on ice to the California Department of Health Services Viral and Rickettsial Laboratory.
Respiratory samples (0.2 mL) were inoculated into primary rhesus monkey kidney and human fetal diploid lung cells with gentamicin (10 mg/mL) and fungizone (1 mg/mL) in roller tubes at 33ЊC. Cultures were observed daily for 14 days. Hemadsorption with guinea pig RBCs was performed on rhesus monkey kidney cells between 5-7 days and 12-14 days after initiating cultures. Culture-positivity was confirmed by sequencing PCR product from the VP4-VP2 region of the genome.
Total nucleic acid was extracted using the MasterPure Complete DNA and RNA Purification Kit (Epicentre Technologies). RT-PCR was performed with reverse primers for respiratory syncytial virus, parainfluenza virus types 1-3 and influenza A and B viruses [4] , parainfluenza virus type 4 [5] , coronavirus 229E (reverse primer) [6] , human metapneumovirus [7] , and coronavirus OC43 and coronavirus 229E (forward primers) [8] . The picornavirus primers were supplied by D. Erdman (Centers for Disease Control and Prevention; Atlanta, GA) (forward primer 5 -GGCCCCTGAATG(CT)GGCTAA-3 and reverse 5 -GAAACACGGACACCCAAAGTA-3 .) Rhinovirus primers were those described by Savolainen et al. [9] . Conventional PCR was performed with Mycoplasma pneumoniae [10] and Chlamydia pneumoniae [11] primers. Available serum samples obtained from patients were tested for detection of IgG antibodies against influenza A and B viruses, respiratory syncytial virus, parainfluenza virus types 2-4, adenovirus, M. pneumoniae, and Chlamydia species using in-house assays and for detection of IgM antibodies by means of an enzyme immunoassay against Chlamydia species [12] and M. pneumoniae (Meridian Biosciences).
Results. All 56 residents living in 2 long-term care units developed respiratory symptoms, for an attack rate of 100%. No residents in an adjacent subacute care unit became ill. The first patient developed symptoms on 15 June 2003. The outbreak lasted 6 weeks and peaked at 10 days after onset Cases of clinical illness among residents were characterized by fever (temperature, 138.0ЊC), productive cough, shortness of breath, wheezing, and lethargy. Twenty-six residents (46%) had underlying medical conditions, including chronic cardiac disease [13] , chronic lung disease [8] , history of cerebrovascular accident [8] , and dementia or Alzheimer's disease [10] . Thirtyfour residents underwent chest radiography, with 15 residents (27% of all cases) showing evidence of unilobar or multilobar pneumonia. By contrast, the 26 ill health care workers reported symptoms of mild upper respiratory infection with dry cough, sore throat, and subjective, low-grade fever.
Thirty-five symptomatic residents received antibiotics orally. One resident was hospitalized. Twelve residents (21%), none of whom was a hospice patient, died, and the cause of death was directly attributed to acute infection. The mean age of deceased residents was 93.6 years, and all residents had at least 1 underlying chronic medical condition. None underwent autopsy. Fifty (89%) of the infected residents had received an influenza vaccination.
Thirteen ill residents, including 2 who subsequently died, had nasopharyngeal swab specimens collected within 7 days after the onset of symptoms. A sputum sample was collected from 1 ill resident and sent to the California Department of Health Services Viral and Rickettsial Laboratory; additional sputum specimens obtained from 3 ill residents were sent to the local public health laboratory for testing. Acute and convalescent-phase serum samples were collected from 5 ill residents, including 2 who died.
Respiratory specimens were cultured for viruses; 7 of 13 nasopharyngeal swab specimens and the only sputum sample were culture-positive for rhinovirus. One resident with rhinovirus infection had radiographically confirmed pneumonia and died. The remaining residents either had normal chest radiograph findings or did not undergo chest radiography; all had an uneventful recovery. The PCR products from the VP2-4 regions of 6 isolates were sequenced and identified as rhinovirus serogroup 82.
At the local public health laboratory, Gram staining and bacterial culture were performed on sputum samples obtained from 3 patients; 2 cultures grew nontypeable Haemophilus influenzae. Neither patient had symptoms suggestive of pneumonia, and both clinically improved. Nasopharyngeal swab specimens obtained from these same patients were cultured at the California Department of Health Services Viral and Rickettsial Laboratory and yielded rhinovirus.
Conventional PCR identified picornavirus in 7 of 13 nasopharyngeal swab specimens. Six of 7 were culture-positive for rhinovirus. No other viral pathogens were identified by PCR. All 13 nasopharyngeal swab specimens tested negative for M. pneumoniae and C. pneumoniae by PCR.
Five patients underwent the following analyses: serologic testing of acute-phase serum specimens for detection of IgM antibodies against Chlamydia species and M. pneumoniae; and serologic testing of paired serum specimens for detection of IgG antibodies against influenza A and B viruses, respiratory syncytial virus, parainfluenza virus types 2-4, adenovirus, Chlamydia species, and M. pneumoniae. All results were negative.
Discussion. This report describes an outbreak of respiratory illness attributed to rhinovirus, an organism infrequently associated with severe clinical manifestations or complications. Previous studies of respiratory illness in LTCFs have identified influenza and respiratory syncytial virus as the most common pathogens, with rhinovirus accounting for !10% of cases of infection [12] . Since this outbreak, another outbreak at a LTCF due to rhinovirus associated with 6 cases of radiologically confirmed pneumonia has been reported to the California Department of Health Services (David Schnurr, personal communication). Although other reports have described outbreaks of rhinovirus infection in LTCFs [1] , none have observed the high morbidity or mortality rate that we describe.
The conclusion that rhinovirus is the causative pathogen is made cautiously. Agents isolated from the nasopharynx may represent asymptomatic colonization rather than true infection, particularly when sensitive PCR detection methods have been used. Because many of these elderly patients had a poor gag reflex and were unable to produce lower respiratory tract specimens, diagnostic testing for bacteria using Gram staining and culture was not routinely performed. H. influenzae was identified by cultures of 2 sputum samples obtained early in the outbreak. It is possible that secondary superinfection with H. influenzae or other bacterial pathogens contributed to the high morbidity and mortality associated with this outbreak.
Nevertheless, the microbiologic findings suggest that rhinovirus was the primary causative agent that precipitated the outbreak. This is supported by the lacking evidence of other viral pathogens, the temporally and geographically sharp definition of the outbreak, the observation that health care workers concurrently suffered only mild symptoms, and the discovery that a majority of the rhinovirus isolates were of the same serotype. Almost one-half of our patients had a history of underlying severe cardiopulmonary or neurologic disease; this is consistent with other reports that suggest an increased likelihood of lower respiratory tract complications from rhinovirus infection in patients with chronic underlying illness [3] . Although some studies have suggested that certain antigenically related groups are associated with higher incidence of infection, increased clinical virulence, and prolonged viral shedding, others have not found any relation between the severity of illness and the specific serotypes [14, 15] . A notable exception is rhinovirus 16, which has been associated with bronchial inflammation, airway hyperresponsivness, and asthma exacerbations [16] . Rhinovirus 82 has not been specifically associated with increased virulence in clinical or laboratory studies; further studies on the epidemiologic and clinical characteristics associated with individual serogroups are merited.
This report highlights the importance of both strict practice of respiratory hygiene and the early institution of infectioncontrol measures (e.g., isolating and cohorting patients, daily screening for new respiratory illness in residents and staff, restricting flotation of staff between units, and closing residential units to outside visitors) after the identification of respiratory illnesses in LTCFs. Respiratory pathogens, such as rhinovirus, which may cause only mild symptoms in healthy persons, can be a source of major morbidity and mortality in elderly or immunocompromised populations. These agents may be ubiquitous in the health care worker and visitor populations who have contact with these patients. Rigorous respiratory hygiene measures have been strongly advocated in the wake of outbreaks of severe acute respiratory syndrome and influenza, their universal practice can also protect vulnerable patients from what are otherwise considered to be benign pathogens in healthy populations.
